The study the analyzed relationship of climate change with agricultural production in Kavre and Jumla districts. The specific objective of the study was to find out the dimension and linkage between agricultural production and climatic parameters in Kavre and Jumla. Time series data were analysed for the study. The data was sourced from the Department of Hydrology Meteorology, Department of Agriculture, and National Bureau of Statistics. Descriptive statistics, linear analysis test and back ward difference filter were the analytical tools used to determine the impact of climate change on productivity. During harvest period, the correlation of rice yield with temperature and rainfall was negative at Kavre but positive at Jumla. Similarly, the correlation of wheat yield with temperature and rainfall was positive at Kavre but negative at Jumla. The result showed that extreme fluctuation in weather caused negative impact on production in Jumla in compared to Kavre districts.
Introduction
Climate change will profoundly affect the agriculture with bigger impact in developing countries (Ster n, 2006) . According to Intergovernmental Panel on Climate Change (IPCC) average annual temperature could rise by 2°C overland in most of South Asia by mid-21st Century. The frequency of hot days in Asia is likely to increase (IPCC, 2014) . More rainfall and high rainfall days are projected over parts of South Asia (IPCC, 2014 ). Even at relatively low level of warming of 1 to 2°C, food productivity could be negatively impacted. However, cooler regions are likely to benefit from warmer temperatures leading to an increase the arable land (IPCC, 2014) . Rice is most vulnerable in Norther n part of South Asia, but changes in climate may boost wheat production in parts where war mer temperature make it possible to grow two crops per year in mountainous region (IPCC, 2014) .
Agriculture in Nepal is more vulnerable to climate change because 64% of the cultivated land is rain-fed and two third of the population has agriculture based livelihood (F AO, 2004; NAPA, 2010; MoE, 2011) . Agriculture sector in Nepal is oriented mainly toward subsistence with rice, wheat and maize (Regmi & Adhikari, 2007) . Over the past few years, the delay in monsoon season experienced in Nepal has changed the cropping patter n and crop maturity period (Regmi & Adhikari, 2007) . It has delayed the planting and harvesting season by a month, which in tur n has affected rotation practices. The delay in monsoon season has also made thousands of hectares of farm land fallow and reduced production due to lack of water (Regmi & Adhikari, 2007) . Every crop has a temperature range for their vegetative and reproductive growth. When temperature falls below the range or exceeded the upper limit then crop production faces constraints. Some studies have been conducted for evaluating the potential effects of climate change on agriculture in global level (Kane et al., 1992; Rosenzweig & Parry, 1994; Darwin et al., 1995) , regional level (Adams et al., 1990 (Adams et al., , 1993 and farm level (Kaiser et al., 1993; Easterling et al., 1993) . Some others are conducted in the effects of climate change on crop yields (Dixon et al., 1994; Kaufmann & Snell, 1997) .Maximum temperature is more vulnerable and has negative impact on the rice yield compared to minimum temperature. Combined effects are more significant compared to their individual effect on the rice production (Basak et al., 2010) . Study done on CO 2 enrichment technology at Khumaltar revealed that the yield of rice and wheat increased by 26.6% and 18.4% due to double CO 2 , Research Article *Corresponding author, email address: ukeertisp2010@gmail.com 17.1% and 8.6% due to increase in temperature respectively. Increase in maximum temperature during ripening phase contribute to an increase in rice yield up to a critical threshold of 29.9°'a1C, but the rice yield declines when the temperature goes beyond this threshold (Karn, 2014) . A crop simulation model (DSSAT) to study the effects of CO 2 , temperature and rain in NARC showed positive effect in yield of rice and wheat in all regions. Other important factor is water stress, which has adversely affected the production of rice, maize and wheat in many parts of Asia (T ao et al., 2004) . The present study attempted to determine the impacts of climate variability on rice and wheat. The study focused on the correlation analysis of rice and wheat with maximum and minimum temperature and rainfall.
Materials and Methods

Study area
The study area is Kavre and Jumla districts ( fig. 1 ) of Nepal. Kavre is predominantly r ural with an average population density of about 327 persons per square kilometer . The district belongs to one of the densely populated among hill districts of Nepal. The main part of the district lies in the hills and mountain between Mahabharat and Lesser Himalaya leading to agro-climatic variations in different pockets of the district. The climate is sub-tropical in the middle mountain and cool temperate in the high mountain region (District profile of K avre, 2001). Jumla is one of the mountainous districts of Mid-western development region of Nepal. Out of the total area of 2, 54,365 ha, the cultivated land is 39,468 ha and rice is grown in 3,009 ha (Sapkota et al, 2010) . Jumla is a unique place in Nepal, where rice is cultivated in the highest altitude in the world (Paudel & Thakur, 2009 ). The temperate and sub-temperate type of climate prevails in this district. Sub-polar type of climate is also found on small part of this district (District profile of Jumla, 2001).
Method of data collection and analysis
For the trend analysis of temperature and precipitation, monthly average temperature (maximum and minimum) and precipitation from 1990 to 2013 of Panchkhal and Jumla stations were sourced from Department of Hydrology and Meteorology (DHM). The annual cereal yields of Kavre and Jumla District from 1990-2013 were sourced from Ministry of Agriculture (MoA). The obtained data were thoroughly checked and screened. The trends of temporal and spatial variations of rainfall and temperature were analysed using linear regression. A time series analysis was done to understand the past rainfall pattern to help future projections and planning using the past and present data.
The average monthly data of certain years were missing. The data were fulfilled by Arithmetic Average Method and linear trend method. Mean rainfall and mean temperature was computed to find out the mean characteristics and the variability of the data. The computations were done over both the spatial and temporal domains. For the study purpose mean, standard deviation and coefficient of variation were computed for rainfall analysis whereas only mean and standard deviation were computed for temperature analysis. Backward difference filter was used to de-trend the non stationary time series. The correlation between annual cereal yield and a climate variation was determined.
Fig.1 District map of Jumla and Kavre
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Backward differential filter
Agricultural production, area, productivity and total output are all influenced by a large number of nature-determined factors. There are generally year to year variation in the area, productivity and production as the results of weather or inputs or combination of all associated factors. Hence, it is difficult to isolate the factors responsible for the crop production. While, the technological factors increase the yields gradually over the time, weather variability alone may be the factor that has strong influence on year to year yield changes. Occurrences of extreme weather conditions like, floods, droughts, heat or cold waves, flash floods, hail storms, etc. all are hazardous for the field crops. Moreover, subtle fluctuations in weather variables during the critical phases of crop growth can also have significant impact on the yields. The year-wise changes in agricultural plantation area have been taken care by considering yield rather than the production. However , influences of technological advancement, such as better seeds, application of pesticides and fertilizer, mechanization of agricultural practices, etc. are believed to be tak en care by applying the backward differential filter. This is one of the widely used methods for de-training the non-stationar y time series. This method consists of taking the difference between the value in one year and the value in the previous year , which reduces piecewise linear trends to small constant terms. This filter has been used to isolate inter-annual fluctuations to remove the low frequency variations of any time series.
Results and Discussion
Trends of Key Climatic Variables of Kavre and Jumla
A general increasing trend in temperature has been found over Nepal. The maximum temperature was found to be increasing at a higher rate (0.05°C/year) than the minimum temperature (0.03°C/year) (Practical action, 2009 ). The present study is also consistent with existing trend in the country. The rate of increase in average temperature is higher in the Jumla (0.54°C) than in K avre (0.03°C). The average annual maximum temperature for Kavre and Jumla were respectively 28.41°C and 20.99°C. The average minimum temperature for Kavre and Jumla were respectively 14.04°C and 4.91°C. The maximum temperatures showed increasing trends in both Jumla and Kavre, while minimum temperature had increasing trend in Jumla, but decreasing in Kavre. Likewise, the rainfall trend was increasing in Jumla while decreasing in Kavre (Table 1) .
Change in the annual rainfall cycle, intense rainfall and longer droughts have been observed in the country. The number of days with 100 mm of heavy rainfall is increasing. The timing and duration of rainfall is changing (Climate Change Policy, 2011). The mean annual precipitation in K avre was 1121.13 mm and in Jumla 806.24 mm (Table 1) . There was variability in the pattern of precipitation from 1990 to 2013 and decreasing trend was obser ved in K avre, but no significant trend was observed in Jumla.
Relation of rice and wheat production with variability of temperature and rainfall At Kavre and Jumla district, growing season (har vesting period) of rice is September-October and growing season of wheat for Kavre is March-April-May and for Jumla is MayJune. The P earson cor relation was analysed between maximum and minimum temperature with rice and wheat yield at both Kavre and Jumla. The analysis was carried out for the period of the plantation, maturity and harvest (Fig.  2, 3 , 4, 5; Table 2, 3). There is always a threshold temperature requirement for a particular crop for its optimum growth. An increase in temperature up to 4 o C and rainfall up to 20% could increase yield from 0.09 to 7.5% (Nayaju et al., 2004) . However, temperature could be detrimental, if it exceeds these limits. Photosynthesis slows down as the thermometer rises, which also slows the plant's growth and capacity to reproduce. The impact is assessed for each crop based on the cropping periods of respective crop.
Rice yield has been fluctuating along with the fluctuation of temperature. The optimum temperature of 30°C during day time and 20°C during night time seems to be more favorable for development and growth of rice (Sapkota et al., 2010) . However, the productivity declines, when the day temperature goes beyond 29.9°C (Karn, 2014) .
The analysis of rice and maximum temperature during transplant stage (Fig. 2) showed positive correlation at both the districts. At Kavre, minimum temperature showed positive correlation with rice transplant period, but negative correlation with both maturity and harvest period (Fig. 2a,  2b ). At Jumla (Fig. 2c, 2d) , maximum temperature showed negative correlation with rice maturity period i.e., with increase in maximum temperature, there will be decrease in net yield. The transplant period showed negative 
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correlation, whereas maturity and har vest period showed positive correlation with minimum temperature. Increase in maximum and minimum temperature has been found to reduce the yield at K avre, but the increase in minimum temperature is favorable at Jumla.
The analysis of rice and total rainfall (F ig. 2a) during both transplant and harvest period showed negative correlation at Kavre i.e. yield did not depend upon rainfall. At Jumla, both maturity and harvest period showed positive correlation which meant rice yield depended upon rainfall (Fig. 2b) .
In case of wheat yield at K avre (Fig. 4a, 4b) , maximum temperature showed positive cor relation and minimum temperature showed negative correlation for plantation and maturity period. However, maximum temperature showed negative correlation and minimum temperature showed positive correlation for the harvest period. At Jumla (Fig 4c,  4d ) plantation period showed negative correlation with both maximum and minimum temperature. But, both maturity and har vest period showed positive cor relation with maximum and negative with minimum temperature.
The analysis of wheat and total rainfall (F ig. 5a) during plantation and maturity period showed negative correlation at K avre. However, har vest period showed positive correlation. At Jumla (Fig. 5b ) plantation and harvest period showed positive correlation with rainfall. The positive trend of all parameters in harvest period shows the response of climate change positively. It implies that the effect of climate change is more prominent at Jumla which was clearly seen because of lack of irrigation facility, rough soil structure and arid climate. At K avre, the effect might have minimized because of availability of ir rigation facility, humid climate and assess to chemical fertilizer . 
Conclusion
The growth and development (physiological function) of any crop is gover ned by climatic parameters. The mean annual maximum temperature of Kavre and Jumla showed increasing trend that may account for better prospective of rice production. Increase in maximum temperature at Kavre is not favorable for rice yield, but it is favorable at Jumla. But, decrease in minimum temperature at Kavre is favorable for wheat yield, but it is not favorable at Jumla. The study areas are mountainous with rugged topography. Majority of people are living below poverty line. The main occupation of the household head is agriculture in the both study area. Majority of the land which is considered to be the principal asset is under rain fed condition. Hence, the diversification of crop in limited land for food self-sufficiency is required.
